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T A B L E  I V  

Composi t ion of Mixed  F a t t y  Ac ids  

In In 
Acid  Solid L i q u i d  Total  

F r a c t i o n  F r a c t i o n  
I Myr i s t i c  ........................................ 0.4 0.5 0.9 

P a l m i t i e  . . . . . . . . . . . . . . . . .  9.3 1.2 10.5 
S tear ic  .......................................... ] 6.4 ...... 6.4 
Te t radecenoic  . . . . . . . . . . . . . . .  ! ...... 0.4 0.4 
Hexadeceno ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.8 0.8 
Oleic ............................................ , 3.1 16.0 19.1 
Linole ic  ........................................ ] ...... 61.9 61.9 

i 
I 

Total  ............................................. ! 19.2 80.8 100.0 

The distillation and analytical data of the solid and 
liquid fractions are respectively recorded in Tables 
I I  and III .  

Discussion 
The seed of Citrullus vulgaris (large green citron) 

yield a linoleic rich oil, which is light yellow in color 

and has an agreeable odor (3) and could be utilized 
as an edible oil. Curtis also points out that  the yield 
of seed per acre is about four  times the yield of seed 
from soybeans. The mixed fa t ty  acids consist of my- 
ristie, palmitic, stearic, tetradecenoic, hexadecenoic, 
oleic, and linoleic acids. The seed contain about 19% 
of oil. 

R E F E R E N C E S  

1. A.0 .A.C. ,  "Methods  of Ana lys i s , "  6th Ed .  ( 1 9 4 5 ) .  
2. A.O.C.S. ,  "Official  Methods  of Ana lys i s  of the A m e r i c a n  Oil Chem- 

is ts '  Soc ie ty"  ( 1 9 4 6 ) .  
3. Curt is ,  L. C., C h e m u r g i c  Diges t ,  5, 223 ( 1 9 4 6 ) .  
4. Hi ldi tch ,  T. P. ,  " T h e  Chemical  Cons t i tu t ion  of N a t u r a l  F a t s , "  

J o h n  Wiley and  Sons Inc . ,  New York  ( 1 9 4 9 ) .  
5. J amieson ,  G. S., "Vege tab le  F a t s  and  Oils ,"  Reinhold  P u b l i s h i n g  

Corporat ion,  New York  ( 1 9 4 3 ) .  
6. Marcal i ,  E., and  R iema n ,  W., I n d .  E n g .  Chem.,  Anal .  Ed. ,  18, 

144, ( 1 9 4 6 ) .  
7. S tan fo rd ,  E.  E.,  " G e n e r a l  and  Economic  B o t a n y , "  D. Appleton- 

C e n t u r y  Co., N e w  Y o r k  ( 1 9 3 7 ) .  
8. Todd, F., Ind .  E n g .  Chem.,  Anal .  Ed. ,  17, 175 ( 1 9 4 5 ) .  

[ R e c e i v e d  O c t o b e r  5, 1 9 5 1 ]  

'Comparative Evaluation of Antioxidants for Carotene 
E. M. BICKOFF, A. L. LIVINGSTON, JACK GUGGOLZ, and C. RAY THOMPSON, 
Western Regional Research Laboratory) Albany, California 

C O N S I D E R A B L E  success has been achieved in 
stabilizing carotene by  means of phenolic anti- 
oxidants (1, 2, 3), three of which have been used 

in food products. Although aromatic amines such as 
diphenylamine have long been known to be effective 
antioxidants for  carotene (6, 8), they have not been 
considered seriously for  use in edible products for  
reasons of possible toxicity. In 1949 the use of N,N'- 
diphenyl-p-phenylenediamine was patented (4) for  
preserving carotene in alfalfa. Feeding tests with 
chicks showed that  10 to 15 times the amount recom- 
mended (0.015% in the dried meal) gave no toxic 
symptoms. This led to an increased interest in related 
compounds for carotene stabilization. In  a recent re- 
port  f rom this laboratory (7) a number  of aromatic 
amines were tested as antioxidants for  carotene in de- 
hydra ted  alfalfa meal. In the present report  a simpli- 
fied system was employed to compare the antioxidant 
efficiency of a number  of aromatic nitrogenous com- 
pounds in an at tempt to obtain a more absolute evalu- 
ation. As far  as possible the compounds tested were 
chosen to permit  observation of change in activity 
with systematic change in structure. 

Experimental 
The procedure employed for testing the antioxi- 

dants was identical to that  reported previously (3).  
A solution of purified crystalline beta-carotene in me- 
dicinal-grade mineral oil was employed as the sub- 
strate. The antioxidant compounds were dissolved in 
the oil solution and the time required for breakdown 
of 20% of the carotene at 75~ was determined. 

Results 
Under the conditions of the test the control sample 

containing no added antioxidant lost 20% of its orig- 
inal carotene in about two hours. Since all the experi- 
ments reported here were carried out in the same way, 
the quantitat ive data are reported in a single table. 

1 B u r e a u  of A g r i c u l t u r a l  a n d  I n d u s t r i a l  Chemis t ry ,  Agr i cu l t u r a l  Re- 
sea rch  Adm in i s t r a t i on ,  U.  S. D e p a r t m e n t  of Agr i cu l tu re .  Repor t  of a 
s t udy  m a d e  u n d e r  the  R e s e a r c h  a n d  M a r k e t i n g  Act  of 1946.  

Aniline Derivatives. Aniline and all derivatives 
tested were either very weak antioxidants or were 
without effect. Of those tested, 2-aminobenzenethiol 
was most effective. 

Naphthylamine Derivatives. Monoamino substitu- 
tion on naphthalene produced moderately effective 
antioxidants. The corresponding phenyl  derivatives 
(phenyl-alpha- and phenyl-beta-naphthylamine) were 
very effective antioxidants. Diamino substi tuted naph- 
thalene was one of the most potent antioxidants tr ied 
in this study. 

Secondary Amine Derivatives. Diphenylamine was 
much more effective than either monophenylamine 
(aniline) or triphenylamine. The effectiveness of di- 
phenylamine could be greatly enhanced by suitable 
ring substitution. Thus monoalkyl substitution (4- 
heptyldiphenylamine) caused only slight antioxidant 
e n h a n c e m e n t  whereas dialkyl substitution (4,4'- 
diheptyl  or 4,4'-dioctyldiphenylamine) more than 
doubled the antioxidant effectiveness, t t y d roxy  or 
alkoxy substitution (4-hydroxydiphenylamine,  4-iso- 
propoxydiphenylamine)  more than quadrupled the 
antioxidant efficiency. Amino substitution (4-amino- 
diphenylamine) enhanced the antioxidant  effective- 
ness of the parent  compound five-fold, p-Nitroso 
substitution more than tr ipled the activity of di- 
phenylamine whereas nitro substitution caused the 
loss of antioxidant  effect. Acetylation of diphenyl- 
amine destroyed most of the antioxidant effectiveness 
of the compound. Interposit ion of methylene groups 
between the nitrogen atom and the benzene ring (ben- 
zylaniline or dibenzylamine) greatly reduced the 
activity. 

Phenylenediamine Derivatives. Both ortho- and 
para-phenylenediamines were effective antioxidants, 
the para  isomer being the more effective of the two. 
An alkyl substi tuted derivative of m-phenylenedia- 
mine (2,4-diaminoto]uene) had about the same effec- 
tiveness as p-phenylenediamine. Aeetylation of one of 
the amino groups (p-aminoaeetanilide) caused the loss 
of all the antioxidant activity. Derivatives of p-phe- 
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T A B L E  I 

Effect  of V a r i o u s  An t iox idan t s  oa  the  S tab i l i ty  of Caro tene  
in  M i n e r a l  Oil 

T ime  for  2 0 %  
Loss of 

Compound Tes t ed  Ca ro t ene  
at  75~  

Ani l ine  D e r i v a t i v e s  
2-Aminobenzene th io l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Benz id ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -To lu id ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o -Aminodiphenyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - A m i n o - l , 2  -d imethylbenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
An i l i ne  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -Aminod ipheny l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i m e t h y l a n i l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i b e n z y l a n i l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z a l a n i l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z y l a n i l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

N a p h t h y l a m i n e  D e r i v a t i v e s  
1 , 8 - D i a m i n o n a p h t h a l e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n y l - a l p h a - n a p h t h y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n y l - b e t a - n a p h t h y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e t a - n a p h t h y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A l p h a - n a p h t h y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D i p h e n y l a m i n e  D e r i v a t i v e s  
4 - A m i n o d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 4 - D i a m i n o d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - I s o p r o p o x y d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - H y d r o x y d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 , 4 ' - M e t h o x y d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 -N i t ro sod ipheny l amine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . 4 ' - D i h e p t y l d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4, 4 ' -D ioc ty ld ipheny lamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - t t e p t y l d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D ipheny lbenz id ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B e n z e n e a z o d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Carbazole  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ace ty ld ipheny lamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A c r i d o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 4 - D i n i t r o d i p h e n y l a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P h e n y l e n e d i a m i n e  D e r i v a t i v e s  
N ,N ' -D ipheny l -p -pheny lened i amine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N ,N ' -Di - sec -bu ty l -p -pheny lened iamine  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N, N ' -Di-4  (2 ,6 -d ime thy lhep ty l )  -p -phenylened iamine  ..... 
Di -be ta-naph 'ohyl -p-phenylenediamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p - P h e n y l e n e d i a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 4 - D i a m i n o t o l u e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o - P h e n y l e n e d i a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p - A m i n o a c e t a n i l i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Qu ino l ine  D e r i v a t i v e s  
P o l y m e r  of 2 , 2 , 4 - t r i m e t h y l - l , 2 - d i h y d r o q u i n o l i n e  .......... 
6-E t hoxy -2 ,2 ,4 - t r ime thy l - l , 2 -d ihyd roqu ino l i ne  .............. 
Ac id  r e a r r a n g e d - 2 , 2 , 4 - t r i m e t h y l - l , 2 - d i h y d r o q u i n o l i n c . .  
6 - P h e n y l - 2 , 2 , 4 - t r i m e t h y l - l , 2 - d i h y d r o q u i n o l i n e  .... . . . . . . . . . .  
2 , 2 , 4 - T r i m e t h y l - l , 2 - d i h y d r o q u i n o l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 -Hydroxyqu ino l i ne  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 -I-Iydroxylquinol ine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Qu ino l ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I s o q u i n o l i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

U r e a  a n d  Re l a t ed  Compounds  
sym-Dipheny lca rba  zide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 - P h e n y l s e m i c a r b a z i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 -Pheny l - th io semica rbaz ide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 , 4 - D i p h e n y l s e m i c a r b a z i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p h e n y l t h i o c a r b a z i d e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Di -o- to ly l th iourea  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p h e n y l g u a n i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A l ly l th iou rea  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N , N ' - D i p h e n y l u r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D i p h e n y l t h i o c a r b a z o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lq -Phenyl -be ta -hydroxye thy l - th iourea  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
U r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N , N ' - D i p h e n y l u r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T h i o u r e a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T r i p h e n y l g u a n i d i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 

P h e n o t h i a z i n e  D e r i v a t i v e s  
P h e n o t h i a z i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n o t h i a z o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Th iono l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 

Azobenzene D e r i v a t i v e s  
p -Aminoazobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p - t t yd roxyazobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Azobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D i p h e n y l m e t h a n o  D e r i v a t i v e s  
sym-D iphe a y l e t h y l e n e d i a m i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p , p ' -D iaminod ipheny lme thane . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 , 4 ' - T e t r a m e t h y l  d i a m i n o t r i p h e n y l m e t h a n e  .. . . . . . . . . . . . . . . . .  
T e t r a m e t h y l  d i a m i n o d i p h e n y l m e t h a n e  . . . . . . . . . . . . . . . . . . . . . . . . . .  

32 
6 
6 
5 
5 
3 
2 
2 
2 
2 
2 

232  
193  
150  

15 
14 

2 3 4  
225  
205  
196 
190  
155 
102 

95 
60 
5O 
45  
45 

9 
8 
5 
4 
3 

245  
245  
2 2 6  
210  
106 

98 
78 

3 

154  
140  

92  
51 
44  

6 
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155  
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2 

nylenediamine having alkyl (N,N'-disec-butyl-p-phe- 
nylenediamine) or aryl  (N,N'-diphenyl-p-phenylene- 
diamine, N,N'-di-beta-naphthyl-p-phenylenediamine)  
substitution on the N atom were the most potent anti- 
oxidants found for carotene under  these conditions. 

Quinoline Derivatives. Neither quinoline nor  its 
hydroxy derivatives (2-hydroxyquinoline, 8-hydroxy- 
quinoline) were effective antioxidants. However sev- 
eral dihydroquinolines were powerful  antioxidants 
(6-ethoxy-2,2,4-trimethyl-l,2-dihydroquinoline). The 

effectiveness of 2,2,4-trimethyl-l ,2-dihydroxyquinoline 
was enhanced by  acid rearrangement  or polymeriza- 
tion. 

Urea Derivatives. A number  of carbazides, semi- 
earbazides, and related thio derivatives were powerful  
antioxidants. In comparing the phenylcarbazides with 
their corresponding thio derivatives, it is interesting 
to note that although 1-phenylsemicarbazide and 1- 
phenylthiosemiearbazide had the same antioxidant ef- 
fectiveness, N,N'-diphenylcarbazide was more than 
twice as effective as its corresponding thio analogue 
(N,N'-diphenylthioearbazide).  The carbazone tested 
(diphenylthiocarbazone) was inactive. 

Phenothiazine Derivatives. Phenothiazine and its 
derivatives, phenothiazone and thionol, were also effec- 
tive antioxidants. 

Hydrazine Derivatives. Although phenylhydrazine 
was ineffective, te t raphenylhydrazine was a potent 
antioxidant.  

Discussion 
These studies indicate that certain classes of com- 

pounds, such as naphthylamines, diphenylamines, 
phenylenediamines, and d i h y d r o q u i n o l i n e s ,  when 
properly substituted are effective for preserving caro- 
tene from oxidation in the presence of mineral oil. 
Many of these compounds have also been found to be 
effective for carotene in alfalfa (7), and it is suggested 
that they will probably act similarly in other carotene- 
containing systems. 

A method of estimating the relative activities of 
antioxidants independent of animal or vegetable fats 
or oils should prove of value in obtaining a more abso- 
lute comparison of antioxidant potency. The employ- 
ment of carotene as the substrate in such a s tudy was 
recently suggested (5) since it is a highly unsaturated 
compound of constant identi ty found intimately asso- 
ciated with fats and oils, and its destruction parallels 
the formation of peroxides and the break-down of nat- 
ural ly  occurring antioxidants in fats. Carotene dis- 
solved in a relatively inert  carrier, as employed in the 
present study, may serve as the basis for  such a test. 

Summary 
A variety of compounds were evaluated as autioxi- 

dants for carotene ill mineral oil solution by  an accel- 
erated stability test. These included derivatives of 
aromatic amines, substituted dihydroquinolines, ureas, 
phenothiazine, azobenzene, and diphenylmethane. 

The most effective antioxidants were hydroxy-  and 
amino-substituted diphenylamines, p-substi tuted phe- 
nylenediamines, and derivatives of 2,2,4-trimethyl-1, 
2-dihydroquinoline. 
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